The response of the intra-arterial pressure to the cold immersion stimulus was studied in 42 healthy young adults, continuous direct (arterial-pressure) recording being used. The average systolic elevation was 22.6 mm. Hg and the average diastolic elevation was 16.3 mm. Hg. The difference between direct and indirect methods of measuring blood pressure was studied in 351 simultaneous determinations in 35 of these young adults. The direct systolic pressure averaged 9.7 mm. Hg higher and the diastolic pressure was 7.3 mm. Hg lower than the indirect measurement.
T HE cold pressor test of Hines and Brown1 has been used widely during the past 22 years in the study of essential hypertension2-9 and the toxemias of pregnancy.'0 11 Up to the present, exact knowledge of the nature and significance of the cold pressor response has been limited by the intermittent measurements possible with the sphygmomanometer. However, now that continuous direct recording of arterial pressure is established as an accurate and reliable laboratory procedure, a new tool is available for the study of the cold pressor test.
The response of the intra-arterial pressure to the cold immersion stimulus (4 C. for 60 seconds) was studied in 42 healthy young adults, continuous direct arterial pressure recording being used. The cold pressor test of Hines and Brown was applied repeatedly at short intervals, and the direct record was examined with regard to (1) maximal elevation of pressure, (2) time required to reach the maximal pressure and (3) time needed to return to one half the maximal pressure (the last figure was taken as a measure of the recovery time). The difference between the direct and the Graduate School of the University of Minnesota.
Abridgment of the thesis submitted by Dr fig. 2 ; the pulmonary strain gage lying beside the pillow is concealed by the wash bottle in fig. 1 .) The method of using this equipment has been (lescribe(l by Wood, Lambert and Burchell.13' 14 The same equipment was used and the same technic was followed throughout the project unless otherwise noted.
The Sanborn recorder was allowed to "warm up" for 20 to 30 minutes. Each The shape of the piressure pulse was frequently altered 1h reflected waves which appeared on the descending limb of the pulse avle, either( distorting the (licrotie notch or separate from it. These reflected waves, which are agreed to he evidence of increased peripheral vasoconstriction, were followed at rapid paper speeds until they disappeared from the record.
They persisted, in some cases, for several minutes, passing away as the blood pressure declined toward basal levels.
INTERPRETATION OF THE DIRECT TRACINGS
The response of the channel of the Sanborn unit which recorded arterial pressure was calibrated, as previously described, through the expected maximal range from the lowest diastolic to the highest systolic pressure before and after each individual procedure. A scale card was constructed from these calibrations which measured the amplitude of the pressure pulses directly in millimeters of mercury (the white rectangle at the left margin of fig. 3 ). The definition of certain terms used in reporting the results of this study follows:
(1) The basal pressure, systolic and diastolic, is defined as the average of all appropriate pressure pulses in the 20-second period just before immersion. The basal pressure was taken in the period immediately before the application of the cold stimulus in order to cancel out, as far as possible, any rise in blood pressure due to other causes.
(2) The maximal pressure given is the value, in millimeters of mercury, of the pulse wave of greatest amplitude occurring during or after figure 6 . The halfmaximal time is a measure of the time required, by the vasomotor system, for recovery from the cold immersion stimulus. The time of return to basal pressure is very difficult to determine with precision because the blood pressure is continually changing. The half-maximal time marks the moment when much of the pressor effect has passed off and the arterial pressure has declined midway to its resting level.
The principal feature in figure 6 is, as in figure 5, the promptness with which the vasomotor system readjusts to the pressor stimulus. The pressor response is a definite but a transient phenomenon. At the systolic level 72 per cent of the group had passed from maximal pressure to half-maximal pressure within 20 seconds, that is, between 60 and 80 seconds. Within the same short period, 81 per cent of the diastolic pressures declined from the greatest elevation midway to the basal level. Within 50 seconds of the cessation of the stimulus, the systolic pressures of the entire group had reached the half-maximal point and 10 seconds earlier, all the diastolic pressures had completed this part of the recovery.
The mean systolic and diastolic half-maximal times are shown by vertical arrows at the top of the graph. for the purpose of the direct-indirect comparison discussed below, direct brachial and radial pressures are almost identical. Simultaneous direct and indirect blood-pressure determinations were compared in 35 of the 42 young adults taking part in this study.
ELECTROCARDIOGRAPHIC CHANGES
This comparison was made possible by a compromise between the demands of the two technics. When the recording needle lies in the right radial artery and the blood-pressure cuff is inflated on the right upper arm, both needle and cuff cannot record the arterial pressure at the same time. The period of immersion in ice water was divided in the following manner: the technician, who carried out all the indirect pressure determinations, was instructed to make her estimations in the period between 20 seconds and 50 seconds after immersion. The direct maximal pressure was then identified in the period after the 50-second interval.
The recommendations of the Committee on Standardization of Blood Pressure Readings of the American Heart Association" were followed in these indirect pressure determinations. The technician had used the muffling of sounds as the indication of diastolic blood pressure for many years in the peripheral vascular laboratory of this institution. This criterion was used during this project. During the resting or basal period of the direct arterial-pressure recordings 289 paired estimations were made and 62 direct-indirect comparisons were obtained at the maximal elevation of pressure, following cold immersion. Table 6 shows the difference between these simultaneous determinations but gives no direct information about the original pressures which were compared to devise these data.
The reference point in these comparisons is always the direct arterial-pressure estimation, that is, +9.7 means that the direct pressure was 9.7 mm. Hg higher than the simultaneous indirect determination. When the range of pressures from which the mean pressure was derived is quoted, -18 means that the lowest direct estimation was 18 mm. Hg less than its simultaneous indirect estimation, and +34 means that the direct pressure was 34 mm. of mercury greater than the indirect pressure. The first part of table 6 shows that when simultaneous pressure determinations are made with these two methods, the direct systolic pressure will be, on the average, 9.7 mm. Hg higher than the indirect systolic estimation.
At the other level, the direct diastolic pressure will be 7.3 mm. Hg less than the indirect diastolic figure. The direct arterial-pulse pressure is, on the average, 17 mm. of mercury greater than the indirect measure of the systolic-diastolic difference.
The difference between the two methods is definitely increased when the maximal pressures after cold stimulation are compared. Dameshek and Lomanll found that the indirect error increases as the pulse pressure increases. In a smaller group of paired estimations at the level of maximal pressor response, the direct systolic pressure was, on the avei age, 16 mm. Hg higher than the indirect result. The direct diastolic estimation was 11 mm. Hg lower than the diastolic pressure recorded with the cuff at the same instant. The comparisons at the moment of maximal pressor response are not absolutely simultaneous: the operator using the cuff was directed to make her measurements between 20 and 50 seconds of the minute after immersion. The direct maximal pressor response was measured after 50 seconds.
A comparison of the difference between direct and indirect blood-pressure determinations in these 35 healthy young adults with the data from a similar simultaneous examination made by Roberts and associates19 on 30 elderly 
SUMMARY
The response of the intra-arterial pressure to the cold immersion stimulus was studied in 42 healthy young adults, continuous direct (arterial-pressure) recording being used. The difference between direct and indirect methods of measuring blood pressure was studied in 351 simultaneous determinations in 35 of these young adults. The results of this study are as follows:
(1) These subjects responded to a cold stimulus with a prompt, and usually marked, elevation of arterial pressure. The response is described as "prompt" because 94 per cent of the subjects reached maximal systolic elevation between 40 and 70 seconds after immersion and 96 per cent of the group reached maximal diastolic elevation in this 30-second period. The elevation was marked in most cases except for two subjects who had responses of less than 5 mm. Hg. The average systolic elevation was 22.6 mm. and the average diastolic elevation was 16.3 mm. Hg.
(2) These subjects responded in a consistent manner to repeated cold pressor tests carried out at short (15-minute) intervals. When 10 subjects underwent five consecutive tests, there was a borderline significance in the differences between tests 1 and 2 and also between tests 1 and 3, at the systolic level. There was no significant difference in the responses to the five consecutive tests at the diastolic level.
(3) The recovery from the effects of the cold immersion stimulus is rapid, as assessed by measure of the time from application of the stimulus to return of the arterial pressure to the half-maximal pressure.
(4) The differences between simultaneous direct and indirect blood-pressure determinations in 35 young adults were as follows: the direct basal systolic pressure averaged 9.7 mm. Hg higher than the indirect systolic pressure; the direct basal diastolic reading was lower, on the average, by 7.3 mm. Hg. The difference between the two methods was increased when the comparison was made at the moment of maximal pressor response. At this time, the direct systolic pressure was, on the average, 16.2 mm. Hg higher than the indirect systolic pressure. At the diastolic level the direct pressure determination was 11.1 mm. Hg lower than the indirect measure. Thus, the pulse pressure determined directly was 27.3 mm. Hg wider than the indirect pulse pressure. SUMMARIO 
